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Before proceeding to describe the ganglia and the nerves that 
make connection with the cardiac apparatus particularly in the 
molluscs it seems necessary to make an explanation regarding 
the nomenclature to be followed. There is no little confusion in 
the terminology applied to the different ganglia and nerves con- 
nected with the viscera and the respiratory organs in the mol- 

l Part of this work was carried out at the Physiological Laboratory of Stanford 
Universtiy, at the Hopkins Seaside Laboratory, Pacific Grove, Cal., at the Marine 
Biological Laboratory of the University of California at San Diego, and at the 
Marine Biological Laboratory, Woods HolI, Mass. ; and I am indebted to the direc- 
tors of these several laboratories - Professors Jenkins, Gilbert, Ritter, Whitman, and 
Lillie - for the privileges enjoyed. During the greater part of the time devoted to 
the work I held one of the Research Assistantships of the Carnegie Institution of 
Washington, D. C. The Carnegie Institution also placed one of the research rooms 
at the Woods Holl Laboratory at my disposal during the summer of 1904. 
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luscs. This is, in a great measure, due to the difficulty in making 
out the homology between the ganglia and their connectives in the 
different groups, but also to the fact that names have been in- 
vented with sole reference to the position of the ganglia, not to 
mention the far-fetched homologies that have been made out be- 
tween the molluscan and the vertebrate nervous systems. Thus 
Alder and Hancock (I842) apply the terms " cerebro-spinal" 
and " sympathetic " to the nervous system of the gasteropods. 
Cheron (I866) endeavors to make out an analogy between the 
stomato-gastric nervous system in the cephalopods and the sym- 
pathetic system in the vertebrates. And Ransom (I884) applies 
the term " vagi" to the two nerves from the pleuro-visceral gan- 
glia to the cardiac and the branchial ganglia of Octopus. The 
discrepancies in these homologies between the molluscan and the 
vertebrate nervous system are so considerable that the introduc- 
tion of the terms "cerebro-spinal," "sympathetic," "vagus," 
etc., serves rather to confuse. Scarcely more commendable is 
the introduction of names of ganglia with reference to their 
position only. Thus Bottazzi and Enriques (I901) reject the 
commonly accepted names "cerebral," "pleural" or "pallial" 
and "pedal" ganglia for the cesophageal nervous complex of 

Aplysia, and substitute the terms "dorsal," "lateral," and "ven- 
tral" ganglia respectively. These names fit the conditions in 

Aplysia admirably; but how will they apply to Pleurobranch/ea, 
in which the pleural and the cerebral ganglia are fused into one 
ganglionic mass situated dorsally, or to the Dorididae, in which 
both the cerebral, the pleural, and the pedal ganglia are fused 
into one ganglionic mass situated dorsally with reference to the 
cesophagus ? It is plain that if we were to follow the principle 
suggested by Bottazzi and Enriques, different names would have 
to be invented to fit the conditions in the different subdivisions 
of the gastropods, and frequently even for different genera 
within the same group, because the position of some of these 
ganglia is subject to considerable variation. This objection ap- 
plies also to the term "subanal," which is used by Lacaze- 
Duthiers (I859) for the ganglion commonly known as the vis- 
ceral ganglion in the Haliotidae. 

Bottazzi and Enriques reject the names, cerebral, pleural or 
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pallial and pedal on the ground that they are physiological mis- 
nomers, and such they are to some extent. The same objection 
may be raised to the names " visceral ganglia" and "visceral 
nerves " or "pleuro-visceral commissures," because these ganglia 
innervate other structures besides the viscera and because some 
of the visceral organs are innervated by nerves from other 
ganglia. The stomato-gastric nervous complex of the cephalo- 
pods and the gasteropods is as much "visceral" as the two 
pleuro-visceral connectives with their peripheral complex of 
ganglia. This is recognized by Haller (I882), who calls the 
buccal ganglia of the prosobranchs the " anterior visceral gan- 
glia." But this requires new names for the visceral nerves in 
the cephalopods and for the pleuro-visceral connectives in the 
gasteropods. The principle of naming the different ganglia and 
nerves with reference to the organs innervated by them is the 
correct one, as it will insure the greatest possible uniformity of 
names in the different groups. But our knowledge of the 
molluscan nervous system does not yet allow such a revision of 
the terminology. And for that reason I will make use of the 
names visceral nerves and visceral ganglia, inadequate and mis- 

leading as they are, rather than burden the literature with addi- 
tional terms, which in all likelihood would prove to be but 
makeshifts. 

In the dissections no attempts have been made to work out the 
innervation of other organs besides the heart, except in so far as 
the nerves to the cardiac apparatus are involved. In the figures 
the nerves to the various visceral and pallial organs are indicated 
for the purpose of orientation. The results of the dissections by 
aid of a good hand lens have not been supplemented by histo- 
logical methods. Frequently nerves could be followed to the 
base of the auricles or on to the aorta but not on to the auricles 
and the ventricles themselves, although stimulation of the nerves 
showed that the nerves entered these organs. I have no doubt 
that in such cases the nerves could have been traced on to the 
cardiac musculature by aid of histological methods. 

I. TheLamcl/ibranchs. - Nerves to the cardiac apparatus of the 
bivalve molluscs have been described by Quatrefages (I849) for 
Terredo, and by Hallcock and Embleton (I 852) for Mya trunicata. 
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Quatrefages describes two pairs of exceedingly small ganglia situ- 
ated in the posterior part of the pericardial cavity. Nerves from 
these ganglia reach the base of the auricles and enter the muscu- 
lature of these organs. Other branches from the ganglia ramify 
in the pericardium. A small nerve connects each pair of ganglia 
with the large pleuro-visceral ganglion on the ventral surface of 
the posterior adductor muscle. Hancock and Embleton describe 
"two small elliptical ganglia attached to the anterior and under 
part of the branchial (visceral) ganglia and united by commissures. 
These send filaments to the ovary and to the ventricle of the 
heart." The ganglia and the nerves are not figured, nor is it 
stated in what way the nerves reach the heart. List (I902) in 
his recent monograph of the Mytilidwe of the Gulf of Naples makes 
no mention of the innervation of the cardiac apparatus. He de- 
scribes nerves to the renal organs and the reproductive glands, 
but follows them only a very short distance from the pleuro-vis- 
ceral ganglia. Dogiel (I877) has described nerve cells in the 
auricles and at the auriculo-ventricular junctions of Pecten and 
Anadonta, but he does not make out their connection with any 
nerves and ganglia outside the heart. 

My own work was done on Mytilus californianus, Mya arenaria, 
Tapes staminea and Platydon cancellatus. In Mytilus (P1. IV., Fig. 

i) I found a series of small ganglia that probably correspond to 
the cardiac ganglia described by Quatrefages in Terredo. A small 
nerve is given off from the dorsal side of each visceral ganglion 

(vg). These nerves (4) run dorsally for a short distance close to 
the anterior surface of the posterior adductor muscle and then 
turn anteriorly, reaching the dorsal body wall through a portion 
of the reproductive gland. At this point two slender branches 
are given off; the lateral branch (5) can be followed anteriorly in 
the body wall into the base of auricle, but it cannot with certainty 
be traced on to the auricular musculature. The other nerve (6) 
can be followed anteriorly on to the pericardium near the median 
line. The main branch of the nerve takes a median course in 
the body wall towards the median line, but before reaching the 
median line it bifurcates, one branch passing posteriorly (7) and 
one anteriorly in the dorsal body wall. At the point of bifurca- 
tion there is a small ganglion (8, 9). The branch that takes the 
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anterior course enters a small ganglion situated dorsal to the hind 
gut at the junction of the body wall with the pericardium (io). 
The two ganglia are connected by a tiny nerve. Several small 
nerves are given off anteriorly from the ganglia to the pericardum 
and the gut, but I was unable to trace any of these branches on 
to the musculature of the ventricle. There are individual varia- 
tions as regards the place of branching of the nerves and the two 
sides are usually not symmetrical. If the ganglia on the course 
of these nerves correspond to the "cardiac ganglia" of Quatre- 
fages, there is this difference to be noted that in MAytilus the 
ganglia are not situated in the pericardial cavity and that branches 
of the nerves can be traced to the base of the auricles but not on 
to the ventricle. The two nerves in Mytilus are probably more 
of dorsal mantle nerves than of cardiac nerves, for even where 
the nerves ramify in the pericardium, the pericardium and the 
body wall are fused into one. In most of the gasteropods the 
renal and the cardiac nerves are united in one common trunk. 
In Mytilus the renal nerves are given off from the cerebro-visceral 
commissures (I I) and they can be followed throughout the whole 

length of the kidney at the base of the gill, but I was unable to 
trace any of the branches on to the auricles or the ventricle. 

The visceral nervous complex of Mya (P1. IV., Figs. 2 and 3) 
differs somewhat from that of Mytilus. The visceral ganglia are 
fused into one with enlargements at the point of origin of the 
branchial nerves, and there are in most cases slight ganglionic 
enlargements at the cerebro-visceral commissures a little anterior 
to their union with the visceral ganglion. One or two small 
nerves pass laterally from each commissure to the ganglionic 
protuberance at the point of origin of the branchial nerves (Fig. 
2, 3). From the commissures close to the visceral ganglion two 
small nerves take their origin (Fig. 2, 4). After an anastomosing 
with the nerves from the commissures to the sides of the visceral 
ganglion these nerves take a postero-lateral course on the surface 
of the kidney between the commissures and the branchial nerves. 
Branches of these nerves can be traced into the substance 
of the kidney and to the base of the auricle. Posterior to the 
point of origin of the branchial nerves another pair of tiny 
nerves are given off to the lateral surface of the kidney (Fig. 2, 
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6). From the dorsal side of the visceral ganglion two nerves are 
given off similar to those described in Mytilus. One of these 
nerves passes to the posterior adductor muscle and the dorsal body 
wall of the anal region; the other nerve (Fig. 2, 3) also sends 
branches to the adductor muscle but the main branch passes 
dorsally to the body wall where it takes an anterior direction and 
can be followed into the dorsal wall of the pericardial cavity. 
On its course branches are given off to the kidney, the aorta, 
and the rectum (Fig. 3, 3 and 4). This nerve is evidently 
homologous with the dorsal mantle nerve in Mytilus (Fig. I, 4). 

In Tapes staminea the visceral ganglion is situated in the angle 
made by the posterior adductor muscle and the adductor muscles 
of the foot. The ganglion gives rise to five pairs of nerves, viz., 
the posterior mantle nerves (i), the nerves to the siphon (2), the 
great osphradio-branchial nerves (4), the cerebro-visceral commis- 
sures (cvcom), and a pair of tiny nerves to the posterior adductor 
muscle (3). In the figure these last nerves are turned to the 
side so as to be represented in the same plane, as they turn in a 
dorsal direction almost at right angles to the other nerves. The 
commissures and the branchial nerves run parallel and close 
together for a distance of about one centimeter from the ganglion, 
and then the branchial nerves turn laterally and anteriorly into 
the osphradium and the gills. At the level of the pericardial 
cavity the commissures penetrate the reproductive gland, to 
which they send fibers. Close to the visceral ganglion each com- 
missure gives off a small nerve (5) which runs parallel with it for a 
short distance and then turns laterally to enter the kidney and 
the heart. These nerves may be designated the reno-cardiac 
nerves, and are evidently homologous with the nerves marked 4 
in Fig. 2. The renal organs occupy the space between the adduc- 
tor muscles of the foot and the pericardial cavity and extend along 
the base of the gills. The nerves branch so extensively in the 
kidney that I was not able to follow any one branch directly on 
to the auricles, but the physiological evidence is conclusive that 
these nerves send branches to the heart. The nerves to the 
ventricle enter that organ solely through the auricular walls, as 
severence of the anterior and the posterior aortae together with 
the rectum at either end of the ventricle does not interfere with 
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the influence of the nerves on the heart, but after the auricles 
have been severed, leaving the other connections intact, stimula- 
tion of these nerves or the visceral ganglion has no further effect 
on the heart. 

Platydon differs from Tapes in that the reno-cardiac nerves (3) 
are given off from the visceral ganglion instead of from the com- 
missures. A small ganglion (4) can also be made out on these 
nerves at the base of either auricle. 

In Venus, Cardium, Hennites and Pecten the cardiac nerves 
were not worked out in detail, but the heart of these lamelli- 
branchs is innervated from the visceral ganglion or the cerebro- 
visceral commissures just as in Mya and Tapes, as will be shown 

by physiological experiments in a subsequent paper. This is 

evidently the plan of the reno-cardiac innervation in all lamelli- 
branchs. The cell bodies of the cardiac nerves are probably 
situated in the visceral ganglion or ganglia, the giving off of the 
nerves from the cerebro-visceral commissures instead of from the 

ganglion directly is evidently only a case of the fibers following 
the course of the commissures for some distance before turning 
laterally to enter the kidney and the heart. While it is certain 
that the heart of these molluscs is innervated from the visceral 

ganglion, the nerves entering the heart at the base of the auri- 
cles, the exact course of these nerves through the renal organs 
as well as in the heart itself remains to be worked out. This 
must be left to biologists who have more suitable material, like 
Tridacna, at their disposal. 

Young (1881) studied the effect on the heart of the stimulation 
of the visceral ganglion in the lamellibranchs Mya, Anadonta and 
Solen. He gives no definite description of the course of the 
nerves from the visceral ganglion to the heart. He mentions two 
tiny nerves which he could trace from the ganglion on to the 
pericardium and the rectum, thinking that these were the cardiac 
nerves. From his statement that branches from these nerves 

pass to the rectum he evidently refers to nerves similar to those 
indicated by me in Mya and Mytilus as dorsal mantle nerves (Fig. 
I, 6, I o; Fig. 3, 2); but the physiological evidence goes to 
show that these nerves do not enter the heart. 

2. The Chitons. -The chitons present a more diffused nervous 
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system than any other gasteropod. There are no definite gang- 
lia, the nerve cells being scattered all along the main nerves or 
" nerve-cords." So far as I am aware, nerves to be cardiac 
apparatus of these animals have not been described. Haller 

(I883) describes nerve cells and nerve fibers in the walls of the 
auricles, but he does not make out the connection of these nerve 
fibers with any nerve or nerve-cord outside the heart. My own 
work was done on Cryptochiton stelleri. This species was selected 
because of its large size, individuals being frequently found that 
measured 30 cm. in length. From the lateral and ventral side 
of the cesophageal nerve ring (P1. IV., Fig. 6) proceed two pairs of 
nerve-cords. The median pair passes posteriorly into the foot, 
the lateral pair runs posteriorly in the mantle in a sinus between 
and slightly dorsal to the efferent and afferent gill sinuses, to 
unite at the posterior end of the mantle. These are the pleuro- 
visceral cords. From these cords numereus nerves are given 
off, some taking a lateral and ventral direction to the gills, others 

passing dorsally into the mantle and median into the wall of the 
body cavity. The nerves vary in size, but they are all very small 
and branch soon after leaving the cord, so that it is difficult to 
follow them for any great length. In the region of the heart one 
and sometimes two of these tiny nerves can be followed in the 
wall of the efferent gill sinuses and on to the auricles (Fig. 6, i). 
On their course these nerves branch like the rest so that only a 
small division of the nerve reaches the auricle and this branch 
cannot be followed in the auricular musculature for any consider- 
able distance. These are, however, probably not the only nerves 
that reach the auricles from the pleuro-visceral cords. The 
auricles are closely attached to the body wall along the side or 
base, Haller (I883) even claiming that the auricular musculature 
shades imperceptibly into that of the body wall. Posterior to the 
opening of the efferent gill sinuses into the auricles, several 
nerves can be followed to within less than i mm. of the place of 
their attachment to the body wall (Fig. 6, 2). It seems there- 
fore probable that the auricles are supplied, not with one but 
with several nerve filaments from the nerve cords. No nerves 
could be traced to the heart or the pericardium from the pedal 
cords. 
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3. The Diatocardic Prosobranchs. - Nerves to the heart of the 
diatocardic prosobranchs have been described by Lacaze-Duth- 
iers (1859), Haller (1883), Bouvier (I889), and Illingworth 
(I902). Lacaze-Duthiers describes in Haliotis four nerves from 
the pleuro-visceral connectives and the visceral ganglion to the 
pericardium. He calls these cardiac nerves, but he does not 
trace them to the auricles or the ventricle. Haller finds that 
the heart of Fissurella, Turbo and Trochus is innervated from two 
different ganglia. He traces nerves from the branchial ganglia 
along the efferent gill sinuses to the auricles, while the ventricle 
is innervated by a nerve from the visceral ganglion that reaches 
the ventricle along the aorta. Bouvier describes similar nerves 
to the auricles and the ventricle of Patella, Nerita and HIelicina, 
but he does not figure the course of the nerve from the visceral 

ganglion to the ventricle nor does he state whether the nerve 
enters the ventricle along the rectum or at the aortic end. Illing- 
worth states that the cardiac nerves described by Haller and 
Bouvier are also present in Lucapina. 

My own work was done on Lucapina crenulata and Haliotis 
cracherodii. In Haliotis (P1. V., Fig. 7) two nerves (7 and 8) 
can be followed from the visceral ganglion or from the pleuro- 
visceral commissures close to the ganglion, to the renal organ 
and the base of the auricles. The nerves were not traced on to 
the auricular musculature, but I have physiological evidence 
that motor nerves from the visceral ganglion supply the auricles 
and it is probable that they reach the auricles in the trunk of the 
nerves 7 and 8. The visceral ganglion also gives off two nerves 
to the pericardium, one (9) passing to the dorsal, the other (IO) 
in the ventral wall. The latter nerve sends one or two branches 
on to the aorta, but I did not succeed in tracing these branches on 
to the ventricular musculature. It can be shown physiologically, 
however, that motor nerves from the visceral ganglion enter the 
ventricle at the aortic end, and it is probable that these nerve 
fibers reach the organ in the ventral pericardial nerve. The in- 
nervation of the ventricle of Haliotis is consequently the same as 
that described by Haller for Fissurella, Turbo and Troclhus, a 
nerve from the visceral ganglion entering the ventricle at the 
aortic end. I did not succeed in tracing any nerves from the 
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branchial ganglia to the auricles, nor did I find any physiologi- 
cal evidence of their existence. If such a nervous connection 
exists, the nerves are evidently only sensory in function. The 
auricles are, however, innervated from the visceral ganglion. 

The nervous system of Lucapina differs from that of Haliotis 
chiefly in the presence of two large ganglia, the intestinal ganglia, 
on the course of the pleuro-visceral commissures. From the 
posterior side of the visceral ganglion (P1. V., Fig. 8) a compara- 
tively large nerve passes in a dorsal direction in the wall of the 
basibranchial sinus towards the rectum, but before reaching the 
rectum the nerve bifurcates, one branch passing on either side of 
the rectum to take an anterior course in the walls of the afferent 
gill sinuses. From the ganglion and from the nerve between 
the ganglion and the point of bifurcation two or three small 
nerves are given off (3, 4), and branches from these nerves can 
be followed into the pericardium. Illingworth states that he 
could trace some of these branches into the musculature of the 
ventricle along the rectum. I was not able to do so, and the 
physiological evidence is to the effect that the nerve enters the 
ventricle at the aortic end and not along the rectum. After 
the bifurcation, each nerve gives off a small branch that can be 
followed to the base of the auricle (5). From the gill ganglia sev- 
eral nerves are given off, but the only one that concerns our 
present inquiry is the tiny nerve described by Illingworth as 
passing posteriorly in the walls of the efferent branchial sinus, 
branching and anastomosing on its course, to finally end in the 
musculature of the auricle. I was able to follow the nerves (9) 
for some distance towards the base of the gills, but not on to the 
auricles. Stimulation of the efferent gill sinus does not influence 
the auricles, so that if this nervous connection, described by 
several investigators for so many species, is present in Lucapina 
the nerves are in all probability only sensory ill function. The 
auricles of Lucapina, like those of Haliotis, are innervated from 
the intestino-visceral commissures or the visceral ganglion, as 
shown by stimulation of the commissures. The exact course of 
these auricular nerves remain to be worked out. 

4. The Monotocardic Prosobranchs. - Nerves to the heart of 
the monotocardic prosobranchs have been described by Haller 
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( 188 2) and Bouvier (i 889). Haller worked on Murex trunculus. 
In this mollusc there are three visceral ganglia. From the mid- 
dle and largest ganglion a nerve passes along the aorta to the 
ventricle, while the auricle is innervated from the nerve plexus 
in the efferent gill sinus in the manner described by the same 
author for Fissurella. Bouvier worked on several genera but he 
describes the innervation of the heart particularly in Cyclophorus 
tigrinus and Triton variegatuim. In Cyc/ophorus he describes a 
nerve to the ventricle only. "A gauche du ganglion (visceral), 
la commissure viscerale donne naissance a un gros nerf cardiaque 
qui suit un instant l'aorte anterieure et penetre ensuite dans le 
ventricle. On le voit tres bien entrer dans l'organe sur la prep- 
aration que j'ai conservie, et je pense qu'il n'est pas un type 
plus commode pour l'etude de l'innervation du coeur" (p. 77). 
In Triton there are two visceral ganglia connected by a commis- 
sure. This commissure gives rise to three small nerves, one of 
which passes to the branchial vein, another to the auricle, and 
the third to the ventricle. This last nerve is given off by the 
commissure close to the right visceral ganglion. It runs for 
some distance in the pericardium and enters the ventricle at the 
aortic end. 

My own work was done on Natica lewissii and Sycotypus 
canaliculatus. In Natica (Fig. 9) the right pleuro-visceral com- 
missure is much stouter than the left. It enters the large bran- 
chial ganglion on the left side, which gives rise to four nerves, 
namely a comparatively large nerve to the osphradium and gill 
(3), a smaller one to the floor of the pallial cavity (2), a some- 
what larger branch to the gill (4), and finally a small branch to 
the left visceral ganglion (5). On the course of this last nerve 
is a small ganglion (7) which sends a tiny nerve to the ventral 
wall of the pericardium (6). The two visceral ganglia are con- 
nected by a commissure. The right ganglion is much larger 
than the left. From the former two and sometimes three nerves 
take their origin, the largest of which divides immediately after 
leaving the ganglion, the main branch passing to the reproduc- 
tive glands and the viscera (8), the smaller branch turning for- 
ward and laterally into the ventral wall of the pericardium (9). 
Branches from the two pericardial nerves (6 and 9) can be fol- 
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lowed to the base of the auricle, to the junction of the aorta with 
the ventricle, and into the kidney. This arrangement is also 
born out by the physiological experiments. Each of the two 
nerves sends fibers to the auricle and to the ventricle by the 
aortic end. There is some individual variation as regards the 
point of origin of the genital and the reno-cardiac nerves from 
the right visceral ganglion. In some specimens the nerves do 
not leave the ganglion close together as indicated in Fig. 9, P1. 
V., but the ganglion is distinctly bilobed and the genital nerve 
takes its origin from the anterior lobe near the entrance of the 
commissure. The innervation of the heart in Natica thus agrees 
in main with that of Murex, Cyclophorus and Triton as described 

by Haller and Bouvier. There is complete agreement in the 
innervation of the ventricle, nerves from the visceral ganglion or 
from the visceral commissure enter the ventricle at the aortic end. 
If the auricular nerve from the nerve plexus in the branchial 
sinus, as described by Haller in Murex, is present in Natica, it is 
only sensory in function, because stimulation of the branchia 
ganglion or the nerve in the efferent gill sinus (4) has no effect 
on the auricle. 

The innervation of the heart of Sycotypus (Fig. io) presents 
some differences from that of Natia, and Sycotypus being the 
larger animal the nerves and the ganglia can be worked out with 
greater accuracy. The right pleural ganglion gives rise to three 
nerves, two of which (zo) unite to enter the osphradial and bran- 
chial ganglia. The third constitutes the left pleuro-visceral com- 
missure. On the course of this commissure some distance from 
its entrance into the visceral ganglion in a slight ganglionic 
swelling giving rise to a tiny nerve which ramifies in the floor of 
the branchial chamber along the line of attachment of the gill. 
One of its branches turns posteriorly towards the base of the gill 
and the auricle, but I could not trace it on to the auricle itself. A 
similar tiny ganglion on the left commissure (iz) gives rise to a 
nerve which enters the rectum and adjoining structures. The 
left visceral ganglion, the smallest of the two, gives rise to three 
or four small nerves, which ramify in the connective tissue 
making up the anterior and ventral wall of the pericardial cavity. 
One branch (2) can be traced to the base of the auricle, another 
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branch (3) communicates with the ganglion on the ventriculo- 
aortic junction (8). The large visceral ganglion on the right side 
also gives rise to several nerves, one of which (5) can be followed 
with the unaided eye through its course in the pericardium till it 
enters the ganglion on the ventriculo-aortic junction. Branches 
from nerve 7 enter the renal organ. Nerve 4 enters the repro- 
ductive gland and the liver. Apart from nerve 5, which plainly 
enters the ventricular ganglion and is therefore, a cardiac nerve, 
there are several branches from nerves 4 and 6 that ramify in the 
pericardium. Whether any of these branches enter the auricle 
at its base I am unable to make out. 

The ganglion on the ventriculo-aortic junction is large enough 
to be seen by the naked eye, and by the aid of a dissecting lens 
nerves can be traced from the ganglion for some distance on the 
ventricle (9). 

There is no evidence of nerve-fibers passing from the branchial 

ganglion to the auricle. Either end of the heart is supplied with 
nerves from the visceral ganglia, and this is born out by the 
physiological experiments. The commissure between the two 
visceral ganglia is partly ganglionic and pigmented like the vis- 
ceral ganglia themselves. 

5. The Tectibranchs. - In his description of the nervous system 
of Pleurobranchus Lacaze-Duthiers (I857) does not come to any 
definite conclusion regarding the innervation of the heart. " Sur 
l'oreillette, on trouve des filets nerveux evidents, mais qu'il m'a 
ete impossible, vu leur delicatesse, de les suire jusqu'a leur ori- 
gin" (p. 285). But he believes that the auricular nerve makes 
connection with the right peripheral nerve from the visceral 
ganglion. This nerve is called by him the genital nerve. Dogiel 

(I877) describes in Aplysia a nerve to the auricle from the left and 
posterior side of the visceral ganglion. Vayssi&re (i879) has fig- 
ured and described the nervous system of Gasteropteron, Doridium, 
Philene, Scaphzander and Bulla, all of which belong to the family 
Bullididae. Of the visceral organs he describes the innervation 
of the cesophagus, the stomach and the reproductive organs, but 
he makes no mention of the innervation of the heart. Ransom 
( 1 884) has shown that the left side of the visceral ganglion of Aply- 
sia gives origin to two instead of one nerve as figured by Dogiel. 
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The anterior of these two nerves supplies the reproductive organs. 
The other nerve runs. towards the gill, where it bifurcates, one 
branch entering the gill; the other " appears to end in the pericar- 
dium near the origin of the auricle." In his recent monograph of 
the Aplysidae Mazzarelli (I893) describes and figures three nerves 
from the left side of the visceral (called by him deutovisceral) 
ganglion. Of these nerves the one given off furthest posterior 
" manda un sotil ramo alla membrana viscerale " 

(p. 108); but 
no reference is made to the innervation of the heart. Pelseneer 
(I893) has described the nervous system of Billa striata and 
Pleurobranchwa mekeli. In Bulla he dot not figure the periphe- 
ral nerves from the two visceral ganglia (called by him supra- 
intestinal and abdominal ganglia), and consequently not the 
innervation of the viscera and the heart. In Pleurobranchcea he 
describes two nerves from the visceral ganglion. The one on 
the right side passes to the gill. The left nerve is called the 
genital nerve and the small ganglion on its course the genital 
ganglion, but the nerves peripheral to this ganglion are not 
described and consequently not the cardiac innervation. The 
most recent observations in this field have been make by Bot- 
tazzi and Enriques on Aplysia (I901). These authors describe 
a nerve from the right side of visceral ganglion to the aorta and 
from the left side of the ganglion " un nerf cardiaque, qui donne 
un rameau au nephredion et un qui va au second estomac tri- 
turateur (?) " (p. 122). 

The presence of ganglion cells in the heart of Aplysia has been 
affirmed by Dogiel (I877) and denied by Ratnson (I884). 

My own work was done on Aplysia californica, Bulla globosa 
and Pleurobranchcaa californica. In Aplysia (P1. VI., Fig. i ) the 
pleural or pallial ganglia of the cesophageal complex give rise to 
two stout nerves, the pleuro-visceral commissures, which run free 
in the body cavity of the neck to enter into connection with the 
large visceral ganglion situated in the body cavity anterior to the 
visceral mass. From the right and posterior side of this ganglion 
proceeds a stout nerve (i) which enters the osphradium and the 
roof of the gill chamber. The left and anterior side of the ganglion 
gives rise to three nerves. The most anterior one (5) enters the 
mantel and the dorsum of the anal region. The middle nerve 
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(4) supplies the gill. These two nerves reach their destination 

by a circuitous route, passing ventral to the heart. The third nerve 

(3) is the visceral nerve par excellence, because it sends branches 
to the liver, the reproductive glands, the heart and the renal 

organ. Arising from the postero-lateral side of the ganglion this 
nerve takes a direction towards the aortic sinus and the pericar- 
dium, but before it reaches these structures it bifurcates. The 
branch that passes ventral to the aortic sinus (7) gives off a branch 
to the liver (I o) and one or two very small branches to the aortic 
sinus (I2), while the main trunk (I ) follows an artery to the 
reproductive glands. The other nerve (6) takes a postero-lateral 
direction in the ventral wall of the pericardial cavity. On reach- 

ing the postero-lateral side of the pericardial cavity it takes a 
median direction parallel with long axis of the heart. Several 
small branches are given off by the nerve to the pericardium, and 
at the level of the auricle a tiny branch (9) is sent forward in the 
ventral wall of the pericardium and on to the auricle, while the 
main branch (8) enters the kidney. The nerve on the aortic 
sinus (8) could not be traced on to the ventricular musculature 
with certainty, but we shall presently see that nerves do enter the 
ventricle at the aortic end and that these nerve fibers leave the 
visceral ganglion in the trunk of the posterior nerve of the left 
side of the ganglion (3). From the posterior side of the visceral 

ganglion one or two small nerves (I4) are given off which ramify 
in the musculature and connective tissue of the dorsum immedi- 
ately adjoining the ganglion and cannot be followed for any dis- 
tance. From the right pedal ganglion arises a small nerve (I3) 
which connects with the right side of the visceral ganglion. The 
corresponding nerve of the left side does not come into connec- 
tion with the visceral ganglion but enters directly into the mus- 
culature of the dorsum a little anterior to the pericardial cavity. 

Electrical stimulation of either of these two nerves produces 
none of the effects caused by the stimulation of the pleuro-vis- 
ceral connectives. 

The visceral nervous system of Bulla (P1. VI., Fig. I3) differs 
from that of Aplysia mainly by the presence of five or six ganglia 
on the course of the nerves. The left commissure has a small gan- 
glion on its course before reaching the main visceral ganglion. 
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At this point a small nerve (2) is given off to the dorsum of the 
neck. In some specimens the ganglion is not situated at the 
point of origin of the nerve but nearer the visceral ganglion. 
The right visceral ganglion gives off peripherally one stout nerve 

(5), which enters the osphradium; here it divides and sends 
branches into the gill and to the roof of the gill chamber. The 
left ganglion gives off a corresponding nerve (6), which also 
bifurcates soon after leaving the ganglion. At the point of bifur- 
cation is a small ganglion. One of the branches enters the in- 
ferior pallium, the other the posterior dorsum. Either visceral 
ganglion gives rise to another nerve (3, 4), much smaller than the 
one that takes its origin at the posterior end. These nerves 
unite in a small ganglion (7) situated to the left of the two main 

ganglia. This ganglion is called the " genital ganglion" by 
Vayssiere, which is not a well chosen name, because the nerve 
that leaves the ganglion supplies not only the reproductive glands 
but also the renal organ and the heart. The nerve (8) that is 
given off by the ganglion soon bifurcates and at the point of bifur- 
cation is another ganglionic enlargement (9). The main branch 

(IO) takes a lateral direction and enters the genital glands, the 
other passes towards the pericardial cavity. This branch of the 
nerve sends a small filament on to the aortic sinus (I I), while the 
main trunk passes posteriorly and median in the pericardium 
ventral to the heart, finally entering the kidney (I4). Several 
small branches are given off to the pericardium, one of which 
can be followed to within one or two mm. of the base of the auri- 
cle, but not on to the auricle itself. The branch to the aortic 
sinus ramifies on the sinus making almost a complete ring at the 
ventricular junction. A branch can be followed on to the ventricle. 
In Aplysia I was unable to trace a nerve on to the ventricle, in 
Bul/a I failed to trace the nerve to the auricle; but the physio- 
logical evidence is conclusive that fibers from the nerve (8) enter 
the auricle of Bulla at its base. The connection is probably 
with one of the tiny branches in the ventral wall of the 
pericardium. 

In Plcurobranchxea (PI. IV., Fig. 12) the pleural ganglia consti- 
tute the postero-lateral portion of the supra-cesophageal ganglion. 
The first pair of nerves that proceeds from the posterior and lat- 
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eral side of the ganglion enters the mantle, the nerve on the right 
side also sending branches to the gill. From the second pair of 
lateral ganglionic protuberances are given off three nerves, one 
from the right side and two from the left. The posterior one on 
the left side, the larger of the two, enters the posterior part of the 
mantle of the same side. The other nerve (Ivn) follows the course 
of the cerebro-pedal and pedal commissures towards the right 
side, where it takes a posterior direction and joins the visceral 
ganglion situated anterior and to the right in the body cavity. 
The corresponding nerve on the right side (rvn) is much stouter 
and is probably homologous to the two nerves given off from 
the corresponding ganglionic protuberance on the left side. 
Peripherally the visceral ganglion gives off two nerves. The 
nerve on the right side (i), the largest of the two, passes posteriorly 
in the body cavity at the margin of the mantle and the foot and 
enters the gill. The left nerve passes dorsally towards the peri- 
cardial cavity, a little in front of which it enters a small ganglion 
(3), designated by Lacaze-Duthiers as the "genital ganglion," 
which is certainly a misnomer, because the ganglion supplies 
other organs besides the reproductive glands. Five nerves are 
given off by this small ganglion. One of these (io) passes on to 
the anterior aorta and follows it along its ventral side to the aortic 
sinus, where it bifurcates, one branch (I2) passing along the lat- 
eral, the other (I 3) along the posterior aorta. In large specimens 
a small ganglionic swelling can be made out at the place of 
branching (I I). A tiny branch (I4) is given off by this ganglion 
to the aortic sinus, but I did not succeed in tracing it on to the 
ventricle. The smallest nerve of the five bifurcates soon after 
leaving the ganglion, sending one branch (9) on to the ventric- 
ulo-aortic junction, the other branch (8) is lost in the connective 
tissue surrounding the ganglion. The nerve given off from 'the 
median part of the ganglion (5) is larger. It passes posteriorly 
to the auriculo-ventricular junction where it penetrates the mus- 
cular bands which make up the ventral wall of the pericardium 
and enters the auricle. Just as it enters the auricle a branch is 
given off to the ventral wall of the pericardial cavity. The main 
part of the nerve can be followed in the wall of the ventricle 
almost around the entire organ. It breaks up in several branches 
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(7) which pass towards the base of the auricle and perhaps into 
the venous sinuses between the auricle and the gill. In 
the largest specimens one or two of these branches can be traced 
to the base of the gill. This nerve is probably homologous to 
the nerve in Aplysia and Bulla which runs in the ventral wall of 
the pericardial cavity and supplies the heart and the renal organ. 
Parallel to this nerve runs an extremely small branch (6), some- 
times given off from the ganglion, sometimes from the auricular 
nerve itself. The branch enters the pericardium. And lastly, 
the ganglion gives off a comparatively large nerve which takes a 
posterior and median direction and enters the genital glands (4). 

6. The Nudibranchs. - The innervation of the viscera in Doris 
tuberculata has been described in great detail by Hancock and 
Embleton (1 852). Four visceral nerves take their origin from the 
right and ventral side of the supracesophageal ganglionic mass. 
One of these nerves sends branches to the renal organ, the gill, 
the vesicle ventral to the pericardial cavity (believed by these 
investigators to be a "portal heart "), and to two ganglia situated 
" on the apex of the ventricle." Besides these two ganglia on 
the ventricle they describe a great number of small ganglia on 
the peripheral course of the visceral nerves. Pelseneer (I893) 
designates two small nerves from the abdominal ganglia in the 
two Dorididae Polycera and Goniodoris as " reno-cardiac nerves," 
but he does not follow them to their entrance of these organs. 

My own work done on the three Dorididae, Montereina nobilis, 
Triopha carpenteri and Triopha grandis. Montereina is the largest 
nudibranch at my disposal, and for that reason best adapted for 
working out the cardic innervation and for isolating the cardiac 
nerves for the physiological experiments. In this mollusc (P1. 
VI., Fig. 14) the cesophageal chain of ganglia as well as the greater 
part of the visceral ganglia are fused into one supracesophageal 
ganglionic mass, the more primitive arrangement of the ganglia 
being indicated by the presence of the stout commissure which 
passes under the cesophagus and connects both sides of the 
ganglion. From the right and ventral side of this composite 
ganglion near the origin of the cesophageal commissure a nerve 

(vn) is given off, which takes a posterior direction ventral to the 
two posterior nerves to the mantle. On reaching a branch of 
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the anterior aorta it follows the latter in a median direction to- 
wards the hind gut, where it bifurcates. The smaller branch 

(I) continues in the median direction along the artery and, pass- 
ing ventral to the hind gut, it can be followed to the left ventral 
side of the aortic sinus. The main branch passes posteriorly on 
the left side of and close to the hind gut. At the level of the 
ventricle it gives off a small branch (2) which passes in a median 
direction dorsal to the hind gut and enters a small ganglion situ- 
ated on the aortic sinus (6). From this ganglion one or two 
branches can be traced on to the aorta and another on to the 
ventricle. This ganglion evidently corresponds to the two ganglia 
described by Hancock and Embleton in Doris tuberculata as 
situated on the "apex of the ventricle." The main branch of 
the nerve continues posteriorly along the gut to the anal region. 
On this course the nerve gives off a branch (3) to the ventral 
wall of the pericardium and probably also to the renal organ. 
The terminal branches of the nerve (4, 5) pass to the base of the 
auricle and to the gill. There appears to be a small ganglionic 
swelling on the nerve before it breaks up into the gill branches. 
I was not able to follow the nerve into the auricle, but the phys- 
iological evidence show clearly that nerve fibers from this nerve 
enter the auricle at its base. 

In Trioplia carpenteri (P1. VI., Fig. 5) the central nervous 
system is fused into one ganglionic mass situated dorsal to the 
cesophagus, just as in Montereina. From each postero-lateral 
horn of the ganglion proceeds one nerve which innervates the 
mantle (I, 2). From the posterior and right side of the ganglion, 
ventral to the origin of the right mantle nerve, four small nerves 
take their origin. The destination of two of these (5, 8) could not 
be made out with certainty, but the other two nerves supply the 
viscera. The nerve furthest to the right (7) enters a small gang- 
lion (gi.) situated on the vagina. This ganglion sends branches 
to the copulatory organs and the reproductive glands. The 
other nerve (6) passes posteriorly in the median line dorsal to 
the visceral mass. On this course the nerve gives off several 
tiny branches which cannot be followed for any distance from the 
nerve on account of their minuteness. The largest branch 
probably enters the intestine and the liver (9). The main trunk 
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of the nerve is continued posteriorly to within a short distance 
of the large forward loop of the intestine where it bifurcates, the 
smaller branch (IO) passing along the anterior aorta ventral to 
the intestinal loop, the larger branch ( I I ) turning slightly to the 
right reaches the base of the auricle and the gill along the 
rectum on the right side of the pericardial cavity. I could follow 
the smaller branch (9) along the aorta to within 2 mm. of the 
ventricle, but not on to the ventricle itself; nor could I trace any 
branch from the other division of the nerve on to the auricle. 
Electrical stimulation of the nerve 7 shows that fibers from this 
nerve reach both auricle and ventricle. The course of this nerve 
(7) is very similar to that of the "visceral" nerve in Montereina 
(P1. VI., Fig. I4, vn). The left side of the supracesophageal 
ganglion gives rise to a small nerve (4) which innervates the 
stomach, and probably also the digestive glands and the intestine. 

Triopha grandis attains to a considerably greater size than either 
of the two foregoing Dorididae, but it is much less abundant. I 
have obtained only a few specimens of this nudibranch at Mon- 
terey Bay during the months of July and August, when it comes 
into shallow water to breed. I was therefore unable to make 
any physiological experiments on the heart and the heart-nerves, 
but sufficient material was at my disposal to work out the cardiac 
nerves anatomically. This appears to be essentially the same as 
that of the previous species, only that the greater size of this 
mollusc enables one to follow the nerves to their terminations 
with greater accuracy. Nerves I and 2 (Fig. I6) take their 
origin on the posterior and lateral sides of the brain and pass 
laterally and posteriorly on the dorsal surface of the visceral 
mass close to the visceral envelop, on this course sending numer- 
ous branches to this envelop and to the dorsum. At the level 
of the sinous passages from the gill to the auricle the two nerves 
enter two small ganglia situated in the angle made by the base 
of the auricle and the rectum (9). These ganglia are joined by 
a commissure. From each ganglion a tiny nerve passes dorsally 
and anteriorly evidently entering the pericardium and the auricle. 
Stouter branches pass posteriorly into the gill. These branches 
have several small ganglia on their course. 

Nerve 3 takes its origin slightly dorsal to the right branchio- 
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mantle nerve and takes a course lateral to it. On reaching the 
anterior or cephalic artery the nerve bifurcates, the smaller branch 

(4) continuing posteriorly to the genital organs. The final desti- 
nation of this nerve was not determined, but it does not come 
into relation with the heart. The main branch follows the artery, 
ventral to it, in a median direction, and at the level of the for- 
ward loop of the intestine it bifurcates, the smaller branch pass- 

ing dorsal to the gut, its branches ramifying in the visceral en- 

velop and on the surface of the liver. None of its tiny rami can 
be traced to the region of the paricardium and the heart. At 
the place of bifurcation is usually a small ganglionic swelling (5). 
The main branch continues posteriorly along and ventral to the 
artery and can be followed on to the junction of the aortic sinus 
with the ventricle. Branches from this nerve pass to the main 
arteries and probably follow them peripherally just as in Pleuro- 
branchlea. In large specimens the branch to the ventriculo-aortic 
junction (7) can be traced on to the ventricle. This is, there- 
fore, one of the cardiac nerves. The heart is thus supplied with 
nerve-fibers from nerve 3 and in all probability also from nerve 
2 (and I ?) just like the two foregoing Dorididae, in both of which 
nerves enter the heart at the aortic as well as at the auricular ends. 

7. The Pzilmonates. - Ransom (I884) has described nerves to 
the auricle and the ventricle of Helix: 

"From the median protuberance on the cesophageal gang- 
lionic mass comes off almost from the middle line a couple of 
visceral nerves. The larger of the two, the left nerve, runs along 
the aorta towards the ovisperm duct, to which it gives off a branch. 
It then divides, and one part follows the aorta into the ventricle 
while the other goes to the kidney, where it ramifies and some 
branches are continued to the origin of the auricle " (p. 327). 

Curiously enough, Ransom figures the ventricle as being situ- 
ated anterior to the auricle. Plate (I898) describes four nerves 
from the visceral (pleural) ganglion in the Janellidae. Of these 
nerves three enter the pallial complex and the fourth supplies the 
renal organ. "Er versorgt in erster Linie die Niere. Ob er, aus- 
serdem, wie wahrscheinlich ist, den Herzbeutel und das Herz, 
villeicht auch die Athmroren innerviert, bleibt weitern Unter- 
suchungen zu Feststellung vorbehalten" (p. 256). 

143 



A. J. CARLSON. 

My own work was done on the two slugs, Limax maxizmus and 
Ariolimnax columbianus and on the snail Helix (Arionta). In 

Liunax (P1. VII., Fig. 17) the pedal and pallial ganglia are fused 
into one ganglionic mass situated ventral to the cesophagus and 
connected with the supracesophageal ganglion by a commissure 
on either side of the cesophagus. This pallio--pedal ganglion is 

pierced by the cephalic artery; the portion of the ganglion dorsal 
to the artery is the pallial ganglion proper. This dorsal portion 
of the ganglion gives rise to four nerves. The two lateral ones 

(I, 2), which are the stoutest, pass to the pallial complex and the 
mantle. Besides the mantle nerve, the left side of the ganglion 
gives rise to two smaller nerves, one of which takes a posterior 
direction close to one of the adductor muscles and ramifies in 
the dorsum at the place of attachment of these muscles. The 
other nerve (vn) runs posteriorly a little to the right of the copu- 
latory organ. On this course a branch is given off to the salivary 
gland. At the level of the bifurcation of the aorta the nerve 
enters a small triangular ganglion (4), situated in the connective 
tissue close to the reproductive gland. The ganglion gives rise 
to three nerves. The smallest one of these (5) passes to the 
reproductive gland. A larger branch (7) takes a posterior and 
median direction along the posterior artery to enter the liver and 
the intestine. The largest branch (6) takes a dorsal and anterior 
direction towards the kidney, but before reaching that organ it 
bifurcates, both filaments entering the ventral side of the kid- 
ney. The nerve that follows the posterior artery (7) gives off 
two very tiny branches to the aorta, but I was not able to follow 
them on to the ventricle. Nor was I able to trace the nerves 
that enter the kidney to the musculature of either the ventricle 
or the auricle, although a branch can be followed to within 2 
mm. of the base of the auricle. The physiological experiments 
prove, however, that fibers from the visceral nerve enter the 
auricle and the ventricle at the base of the auricle. 

The pallio-visceral nervous complex in Ariolimax (P1. VII., Fig. 
i8) does not differ essentially from that of the slug just described. 
The left mantle and pallial nerve (2) enters the pallial complex 
close to the rectum. The visceral nerve (vn) is given off dorsal 
and a little to the left on the median protuberance of the gang- 
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lion. The nerve takes a posterior direction along the cephalic 
aorta for a distance of about 3.5 cm., when it divides in two, one 
branch continuing in the posterior direction along the posterior 
aorta to the liver and the intestines, the other turning dorsally 
towards the kidney. Here the nerve bifurcates, both branches 
entering the kidney at its ventral side, a little to the right of the 
exit of the aorta through that organ. By aid of a strong dis- 

secting lens a filament from one of these renal nerves can be fol- 
lowed on to the ventriculo-aortic junction. I was not able to 
trace any nerve branch to the auricle, although stimulation of the 
visceral nerve shows that nerve fibers enter the heart of this slug 
both at the aortic and the auricular ends. The dissection reveals 
no ganglion at the point on the visceral nerve where the reno- 
cardiac nerve is given off, corresponding to that in Limax. 

The nervous system of Helix (P1. VII., Fig. I9) resembles that 
of the slugs very closely. The pallial ganglion gives rise to four 

nerves, the lateral pair (I, 4) entering the pallial complex and 
the mantle. The right member of the median pair (2) goes to 
the pallial complex, but it cannot be traced to the auricle or the 
kidney, and stimulation of the nerve does not affect the heart. 
The left member (3) of the median pair is the visceral nerve 
proper. On its posterior course it gives off a branch to the cop- 
ulatory organs (5), and a little further posterior another small 
branch which probably enters the lung (6). At the point of 

origin of this branch there is a slight ganglionic swelling on the 
nerve. At the level of the ventricle the nerve bifurcates, one 
branch continuing in the posterior direction into the reproductive 
gland (9). The other branch (7) turns to the right and before 
entering the kidney gives off a filament (8) which takes a pos- 
terior direction, probably reaching the stomach and the intestine. 
The nerve can be followed into the kidney without any difficulty, 
but I was not able to trace any of its branches through the kid- 
ney and into the auricle, as Ransom has described and figured 
it, although I have physiological evidence that such connection 
is made. Before the nerve enters the kidney a small filament is 
given off to the aorta and the pericardium, but I could not trace 
it on to the ventricular musculature, although the physiological 
evidence is conclusive that nerve fibers enter the ventricle at the 
aortic end. 
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8. The Cephalopods. - Nerves to the cardiac apparatus of the 
cephalopod molluscs have been described by Cheron (1866), 
Fredericq (I878), and Ransom (I884). Cheron worked on 
Eledone, Octopus, Sepia and Loligo. In the Octopoda four nerves 
are given off from the sub-cesophageal or pleuro-visceral gang- 
lion. Two of these nerves pass to the stellate ganglia in the 
mantle. The median pair of nerves takes a posterior direction 
on the ventral surface of the liver and innervates the rectum, the 
cardiac apparatus and the gills. At the level of the auricles is 
found a small ganglion on each nerve, and from these ganglia 
nerves are given off to the auricles and the systemic ventricle. 
Further on their course each nerve sends a branch to the small 
ganglion situated on the gill ventricle, while the main nerve trunk 
enters the large ganglion at the base of the gill. According to 
Cheron the arrangement is the same in the Decapoda, with the 
exception of the innervation of the auricles and the systemic 
ventricle. Cheron describes a commissure between the two vis- 
ceral nerves a short distance in front of the systemic ventricle. 
At the junctions of the commissure with the visceral nerves are 
found ganglionic swellings, which he considers homologous with 
the ganglia on the visceral nerves of the Octopoda which inner- 
vate the auricles and the systemic ventricle. Fredericq and 
Ransom worked on Octopus, but apart from their physiological 
results they add nothing to the anatomy of the cardiac nerves as 
given by Cheron. Neither of these investigators make any 
mention of a commissure between the two visceral nerves similar 
to that described by Cheron for the decapods, but Fuchs (1895) 
figures such a commissure in Octopus. 

My own work was done on Octopus punctatus, Loligo pealii 
and Ommastrephes illeccbrosa. The innervation of the cardiac 
apparatus in Octopus I found in all essentials the same as de- 
scribed by the authors just referred to, and the reader is referred 
to the figures given by them. In Loligo I found some relations 
not described by Cheron, and the cardiac innervation of this ceph- 
alopod will therefore be described with some detail. From the 
median lobe of the pleural ganglion (P1. VII., Fig. 20) proceeds 
a stout nerve, which as it penetrates the cranial cartilage sepa- 
rates into two flattened branches running close to each other in 
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a posterior and ventral direction through the liver, and on reach- 

ing its ventral surface they pass posteriorly between the liver, and 
the viscero-pericardial sac. At this point in their course a small 
branch is given off from each nerve to the cephalic vena cava, 
which lies just ventral to the nerves. The two branches unite 
into one (I I) which enters the vein, branching out anteriorly and 
posteriorly in its muscular walls. A similar nerve to the vena 
cava is described by Cheron for Eledone, Sepia and Loligo, but 
he figures it as coming off from the pleural or pallial ganglion a 
little anterior to the point of origin of the visceral nerves. At 
the level of the anus the two visceral nerves diverge, taking a 
more ventral direction and half encircling the vena cava. The 
circle is made complete by branches given off from each nerve 
to the rectum and the ejaculatory duct of the ink gland and a 
commissure between the two sets of nerves (I, 2, 3). The com- 
missure passes between the vena cava and the rectum. One of 
the branches from the left nerve (2) can be followed in the vis- 
cero-pericardial sac near the median line almost to the posterior 
end of the body cavity. On its course numerous branches are 
given off to this visceral envelop, but none of these can be 
traced to any of the cardiac organs. The visceral nerves con- 
tinue posteriorly close to the vena cava, and at the level of the 
ink gland, to which branches are given off (4), they take a lat- 
eral and dorsal direction, passing dorsal to the auricles and the 
branchial sinuses to a ganglion at the base of the gill (bg.). Be- 
fore the nerve reaches this ganglion, that is, about 3 mm. central 
to it, a branch (6) is given off to a small ganglion situated dorso- 
median on the gill ventricle near the junction of the ventricle 
with the afferent gill vein (9). From this ganglion a small nerve 

passes on to the dorsal surface of the auricle (7). At the point 
of entrance of the nerve into the auricle a small ganglionic en- 
largement can be made out on the nerve (io). There is some 
individual variation at this point. Instead of one branch from 
the visceral nerve to the ganglion on the gill ventricle there are 
sometimes two or three, one of which usually proceeds from the 
gill ganglion. A branch may also run past the ganglion on the 
gill ventricle and join the branch from this ganglion to the 
auricle. I was not able to follow the nerves that enter the 
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auricles on to the systemic ventricle. The ganglion at the base 
of the gill measures i mm. in diameter in the largest specimens 
and the ganglia on the gill ventricle and the auricle are only one 
third as large, so that it is difficult to locate them by dissection, 
especially as they are imbedded in the connective tissue that en- 
velops these organs. From the gill ganglion a small branch 

passes to the retractor muscle of the gill (8). In the male a 
branch from the left visceral nerve innervates the penis (5). At 
the level where the branches are given off to the ink gland (4) 
commissural fibers extend across from one visceral nerve to the 
other. This commissure would correspond to that described by 
Cheron for the decapods. If branches are given off to the sys- 
temic ventricle by the visceral nerves at this point as physiolog- 
ical experiments indicate, and as Cheron found to be the case, 
the systemic heart of Loligo has a double nervous supply, as 
nerves unquestionably pass to the auricles along with the nerve 
or nerves to the ganglia on the gill ventricles. Cheron figures 
the ganglia which supply the nerves to the gill ventricles as situ- 
ated on the trunks of the visceral nerves, and not on the ven- 
tricles themselves, as I found to be the case in Loligo. 

The dissection of the smaller branches of the nerves in Loligo 
is very difficult, because the nerves, the connective tissue and the 
muscular tissue have in life very nearly the same color and trans- 

parancy; and in addition, minute arteries, which are hardly dis- 

tinguishable from the nerves, run in the larger nerve trunks and 
ramify with the smaller nerve branches. 

The specimens of Ommnastrephes illecebrosa obtained at Woods 
Holl are more than twice the size of Loligo. The species of 

Ommastrephes on the coast of California (0. californica) attains a 

length of from 3 to 3 4 feet, but the only specimen of this large 
species at my disposal was so badly preserved that the finer 
branches of the nerves could not be told apart from the smaller 
arteries. The main course of the visceral nerves in Ommastrephes 
(Fig. 2 I) is the same as in Loligo. The commissure (vc.) between 
the two visceral nerves a little anterior to their lateral divergence 
from the vena cava to enter the gills, is very distinct. The. com- 
missure gives rise to a nerve (2) which follows the vena cava in 
a posterior direction to enter the ventricle. The nerve divides 
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and anastomoses extensively on its course along the vena cava 
and sends numerous branches to the renal veins. In Loligo 
Cheron figures a nerve as passing to the auricles from either 
visceral nerve at the level of the commissure in a manner similar 
to that in Octopus. In Ommastrephes there is no distinct gang- 
lionic enlargement at the junctions of the commissure with the 
visceral nerves. The nerve passing to the heart takes its origin 
from the commissure and not from the visceral nerves directly, 
and this nerve enters the ventricle, not the auricle. 

At the level of the auricles each visceral nerve bifurcates, the 
smaller branch of each (3, 4) taking a median direction on the 
ventral and posterior surface of the systemic ventricle. Near the 
origin of the posterior artery these branches are connected by a 
tiny commissure, after which they unite into one nerve-trunk (IO). 
This follows the posterior aorta for a little distance to finally 
enter the reproductive organs. There is a slight ganglionic 
enlargement at the place of bifurcation. 

The branches to the gill ventricles and the auricles (5) leave 
the visceral nerves close together a little distance before these 
nerves enter the gills. The nerve to the gill heart (6) runs pos- 
teriorly along afferent gill sinus and penetrates the substance of 
the gill heart at its junction with this sinus. The auricular nerves 
are very slender. In some specimens they are given off, not 
from the visceral nerves directly, but from the branch to the gill 
ventricles. There is a distinct ganglionic enlargement on the 
visceral nerves at the point of origin of the nerves to the gill 
ventricles. 

This ventral visceral nervous complex is connected with the 
cerebro-gastric nervous system by a commissure (8) from the 
left visceral nerve to the gastric ganglion (g.). This nervous 
connection has not, to my knowledge, been noted before in the 
cephalopods. I was unable to make it out with a certainty in 

Loligo owing to the difficulty of distinguishing between the 
smaller arteries and the finer nerve-branches. 

The systemic heart of Ommastrephes (and in all probability 
also Loligo) is thus furnished with a double nervous supply 
similar to that of the gasteropod molluscs, fibers from the visceral 
nervous complex entering the systemic heart both at the auricular 
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and at the aortic ends. The presence of the communicating branch 
between the gastric ganglion and the visceral nerves is of interest 
in view of the statement by Bottazzi and Enriques (1901) that the 

cerebro-gastric commissure in the cesophagus contains accelerator 
fibers to the systemic heart (Octopus). 

9. The Decapod Crustaceans. -Considerable work has been 
done on the innervation of the heart in the decapod crustaceans. 
Lemoine (1868) describes, in the crab, a branch to the anterior 
and dorsal surface of the heart from the gastric nerve. The gas- 
tric nerve makes direct connection with the cerebral ganglia and 
the oesophageai commissures, but not with the thoracic ganglion. 
The existence of this cardiac nerve or nerve of Lemoine was 
confirmed on anatomical as well as physiological grounds by 
Young (1878, 1879), Plateau (1878, I880), and Moquart (1883). 
Plateau states that "l'existence du nerf cardiaque de Lemoine 
est incontestable." Both Young and Plateau conclude that this 
cerebro-cardiac nerve is accelerator in function, and that in addi- 
tion to this accelerator nerve the heart is also supplied with 
inhibitory nerves from the thoracic ganglion. Important modi- 
fications and additions to these results have been made by Jolyet 
and Viallanes (1892) and by Connant and Clarke (1896). 
Jolyet and Viallanes found that in the crab (Carcinus) both the 
accelerator and inhibitory centers for the heart are situated in the 
thoracic ganglion, and that when the cerebro-thoracic commis- 
sures are severed, stimulation of the cerebral ganglia or the gas- 
tric nerve has no effect on the heart. Nor could they find the 
"nerve of Lemoine" anatomically. In the pericardium they 
found a plexus of nerve cells and nerve fibers, from which pro- 
ceed three nerves on either side in a ventral direction towards 
the thoracic ganglion, but the connection of these nerves with 
the ganglion was not made out. This pericardial nerve plexus 
had previously been described by Dogiel (I878). The results of 

Jolyet and Viallanes were confirmed by Connant and Clarke on 
the crab (Callinectes). They were equally unable to obtain any 
anatomical or physiological evidence of the existence of the 
" nerve of Lemoine," but they traced the connection between the 
thoracic ganglion and the six nerves which Jolyet and Viallanes 
had described as entering the pericardial nerve plexus. These 
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cardiac nerves take their origin dorsally on the thoracic ganglion 
close to the origin of the recurrent cutaneous nerve, the nerve to 
the third maxilliped, and the nerve to the first ambulatory 
appendage respectively. The nerves that reach the heart in the 
trunk of the recurrent cutaneous nerve, that is, the anterior pair 
of cardiac nerves, were found to be inhibitory in function, the two 
posterior pairs to be accelerator. Bottazzi (I9OI) has confirmed 
the results of Jolyet and Viallanes and Connant and Clarke as 
regards the presence in the thoracic ganglion of both accelerator 
and inhibitory centers to the heart. 

Nerve cells in the walls of the crustacean heart have been de- 
scribed by Berger (1876), Desz6 (1878), Young (1878), Dogiel 
(I877, I894), Plateau (I88O), and Pagoschwa (I890). Deszo 
states that the ganglion cells are especially abundant in the pos- 
terior half of the dorsal wall. 

The results of Jolyet and Viallanes and of Connant and Clarke 
on the crab appeared to me so conclusive that I did not take the 
time to work out the cardiac nerves in the available material of 
this group (Cancer, Brachynotus, Epialtus), but instead I confined 
the anatomical work to the large spiny lobster (Palinurus), and it 
may be stated at the outset that the cardiac nerves in this decapod 
have nearly the same relations as given by Connant and Clarke 
for Calinectes. The dorsal side of the large thoracic ganglion 
gives rise to six pairs of small nerves (PI. VIII., Fig. 22, I to 6). 
The anterior pair takes its origin near the roots of the nerves to 
the third maxilliped. On leaving the ganglion the nerves run 
alongside (but not in the same sheath as) the recurrent cutaneous 
nerves for some distance in an anterior, lateral and dorsal direc- 
tion. The recurrent nerves turn posteriorly after passing around 
the anterior processes of the endophragmal skeleton, but their 
smaller companions (i) pass through the foramina between the 
two anterior endostermites. Reaching the inner surface of the 
endoskeleton at this point the nerves' take a dorso-lateral direc- 
tion ventral to the anterior flexor muscles of the abdomen, and 
on reaching the point of attachment of the extensor muscles the 
nerves pass posteriorly on these muscles and finally ramify in 
them posterior to the level of the pericardial cavity. At the level 
of the pericardial cavity each nerve gives off a branch (7) to the 
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pericardium and the heart, the slender filaments reaching the 
dorsal and posterior side of the heart along the suspensory liga- 
aments. The nerves that are given off from the thoracic 

ganglion near the roots of the first ambulatory nerves (2) take a 
dorsal direction through the opening between the second and the 
third endosternites and pass ventral and lateral to a greater bulk 
of the flexor muscles than is the case of the anterior pair. On 
reaching the extensor muscles the nerves run posteriorly on their 
surface, ventral to the anterior nerves, and at the level of the 
anterior end of the heart each nerve gives off a small branch (8) 
to the plexus of arteries and suspensoiy ligaments at the anterior 
end of the pericardial cavity. In very large specimens the nerves 
can be followed along the suspensory ligaments to the dorsal 
side of the heart. 

The other nerves from the dorsal surface of the thoracic 

ganglion (3 to 6) turn dorsally through the openings of the sub- 
sequent endosternites and ramify, with the arteries, on the flexor 
and extensor muscles that are situated dorso-laterally in the tho- 
racic cavity. I could not trace any of their branches to the 
heart, nor does stimulation of these nerves effect the heart. 
That the two anterior pairs of nerves really send fibers to the 
heart is further shown by stimulation of these nerves. The an- 
terior pair contains inhibitory, the second pair accelerator fibers. 
In Callinectes Connant and Clarke found that the inhibitory fibers 
reach the heart in the recurrent cutaneous nerves (rcn.). This is 
not the case in Palinurus. Branches from the posterior rami of 
these nerves can be followed close up to the pericardial cavity, 
but not on to the heart itself, or on to the suspensory ligaments, 
and in no instance did stimulation of these nerves effect the heart. 
The course of the cardiac nerves in the plexus of suspensory lig- 
aments and small arteries in and surrounding the pericardiac 
cavity is not easily made out, because the nerves, the arteries 
and ligaments have nearly the same color and transparency. 

o. The Arachnids. -To the recent paper on the innervation 
of the heart of Limuluis by Patten and Redenbaugh (1899) I have 
only one item to add, viz., the connection of the inhibitory 
nerves with the heart. The heart and the heart-nerves of this 
interesting arthropod are shown in Fig. 23. The ganglion cells 
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and the main nerve-trunks are confined to the dorsal side of the 
heart. The large nerve-trunk on the dorso-median side of the 
heart is in reality an elongated ganglion, being made up of nerve- 
fibers and ganglion cells. This nerve-cord or ganglion extends 
the whole length of the heart, but it is largest in the fourth, fifth 
and sixth segments, tapering thence both in the anterior and the 
posterior direction. There are relatively few ganglion cells in 
the nerve-cord of the first and second segments. Besides this 
elongated ganglion on the dorso-median side of the heart there 
are two nerves running parallel with it and lateral to the ostia. 
These are the lateral nerves. The nerves branch and anastomose 
extensively, especially in the middle region of the heart. In 
large specimens the nerves can be followed with the naked eye 
up to the first, and posteriorly to the last segment, but they are 
stoutest in the fourth to the sixth segments. There appears to 
be no ganglion cells on the course of these nerves. A very com- 
plex system of connectives extends between the median nerve- 
cord and the lateral nerves. On the whole, one pair of these 
connectives are given off from the median nerve-cord at the level 
of each pair of ostia, the connectives being the largest in the 
fourth, fifth and sixth segments. The connectives usually 
branch extensively on the dorsal side of the heart before joining 
the lateral nerves. The median nerve-cord, the lateral nerves as 
well as the main connecting branches are large enough to be 
easily made out with the naked eye in the living heart. 

The nervous complex on the dorsal side of the heart is partly 
covered by the elastic connective tissue fibers, but these can be 
removed without any injury to the nervous elements. Both the 
nerve-cord and the nerves are, on the other hand, separated from 
the heart-muscle by the basement membrane. This allows a 
complete removal of the nervous complex without any injury to 
the heart-muscle. 

The connections between this cardiac nervous complex and 
the brain and the abdominal ganglia are shown in Figs. 24 and 
25. These connections have been carefully worked out by 
Patten and Redenbaugh, but these investigators failed to find any 
connection between the haemal nerves given off from the posterior 
end of the brain (7, 8) and the nerve-cord on the heart. These 
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nerves do make such a connection, as I have represented in Fig. 
24. This is also borne out by the physiological experiments. 

From the dorsal side of the brain corresponding to each pair of 
nerves to the ambulatory appendages is given off a pair of nerves 
which take a dorsal direction to innervate the integument, the 
viscera, and dorsal musculatures. These nerves are evidently 
homologous to the nerves occupying a similar relation to the 
thoracic ganglion in Palinurus (Fig. 22, I-6). The anterior 

pair of nerves from each abdominal ganglion takes a similar 
course and make connections similar to those from the dorsal 
side of the brain. As these nerves go to innervate organs lying 
dorsal or haemal to the level of the central nervous system, Patten 
and Redenbaugh call them haemal nerves in contradistinction to 
the nerves to the ambulatory appendages and the gills which are 

designated as neural nerves. 
The haemal nerves from the abdominal chain of ganglia (Fig. 

25, 9-13) takes a dorsal and posterior direction and after giving 
off their fibers to the intestine and the integument, penetrate the 
pericardial cavity, each sending a small fillament along the dorsal 
wall of the pericardial cavity to unite with the nerve-cord on the 
heart approximately opposite the fourth to the eight pairs of ostia. 
These cardiac branches are, with the exception of those from the 
ninth and the tenth nerves, so tiny that they are not readily made 
out in the living tissue. Prior to the entrance of these nerves into 
the dorsal pericardium to connect with the nerve-cord each nerve 
sends a communicating branch to the nerve which runs parallel 
to the heart in either angle of the pericardial cavity. These nerves 
are designated as pericardial nerves by Patten and Redenbaugh. 

Of the haemal nerves given off from the brain the only ones 
that I was able to trace to the heart are the last two pairs (Fig. 
25, 7, 8). The cardiac branches of these nerves unite in one 
common trunk before reaching the pericardial cavity. The 
main branches of this large nerve go to make up the pericar- 
dial nerves and to innervate the large inter-tergal muscle, which 
lies dorsal and lateral to the heart in this region. The branches 
that pass to the epidermis in the median line connect with the 
nerve-cord on the heart in the manner shown in Fig. 24. There 
is considerable individual variations as to the exact place of con- 
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nection with the nerve-cord, in some specimens there appears to 
be connections only at the level of the second pair of ostia, in 
others the connection is made in the middle of the third seg- 
ment, while in some the main, if not the only, connection is the 
one just behind the third pair of ostia. 

It is rather difficult to homologize the cardiac innervation of 
the crustaceans with that of Limulus. In the crustacean heart 
the ganglion cells are not congregated in a single ganglion on 
the surface of the heart, but scattered throughout the muscle. 
There appears, however, to be this homology that in the crusta- 
cean heart the ganglion cells are massed particularly at the pos- 
terior end of the dorsal wall of the heart. In Palinurus the 
cardiac nerves take their origin from the anterior end of the 
thoracic ganglion, the abdominal ganglia not making any connec- 
tions with the heart; in Limulus the cardiac nerves take their 
origin from what actually corresponds to the thoracic ganglion 
and from the abdominal ganglia as well. This difference is 
probably due to the fact that the Limulus heart retains its 
primitive elongated character while the crustacean heart is very 
much shortened and confined to a small space in the cephalo- 
thorax. 

Regarding the innervation of the heart in insects we have the 
observations of Muller and Brandt (quoted by Kolbe, I893) that 
the heart and the aorta is innervated from the second pair of 
cesophageal ganglia. This cardiac nerve would thus seem to 
correspond to the " cardiac nerve of Lemoine " in the crustaceans, 
which, as we have already pointed out, appears not to have any 
basis in fact. To my knowledge no connection between the 
abdominal ganglia and the heart analogous to that in Limiulus 
has been traced in the insects. 

Dogiel ( 877) has described ganglion cells on the heart or in 
close proximity of the heart of the larva of Corethra plumicornis. 
According to Lang (i900) a nerve or nerve-cord on the dorso- 
median side of the heart similar to that in Limulus has been 
described in some of the myriapods (Peripatus, Jules). 

i I. The Tunicates. -Despite numerous researches with the 
view of finding nerve cells and nerve fibers in the heart of the 
tunicates the results have been, until a recent date, uniformly 
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negative; neither nerve cells nor nerves could be found. The 
uniform negative results were generally taken to indicate that 
nervous elements are not present in the heart of this interesting 
group of animals. But Hunter (I902) has recently found nerves 
and nerve cells in the heart of Molgula manhattensis. The 
nerve cells, mostly of the bipolar type, are most abundant at 
either end of the heart, situated on the surface of the muscular 
walls under the pericardium. The same observer has later 

(I903) found evidence to the effect that the cluster of nerve 
cells or ganglia at either end of the heart are connected by 
nerve fibres with the central nervous system. 
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PHYSIOLOGY OF THE INVERTEBRATE HEART. 

EXPLANATION OF FIGURES. 

PLATES IV-VIII. 

ABBREVIATIONS. 

A, anterior artery. 
AC, abdominal commissures. 
A OS, aortic sinus. 
A U, auricle. 
B, brain. 
BG, branchial ganglion. 
CC, cerebral commissure. 
CG, cerebral ganglion. 
CPC, cerebro-pedal commissure. 
CPG, cerebro-pleural ganglion. 
CVC, cephalic vena cava. 
CVCO, cerebro-visceral commissure. 
G, gastric ganglion. 
GC, genital ganglion. 
GA, genital nerve. 
G V, gill ventricle. 
H, heart. 
HG, hind gut. 
IC, intestino-visceral commissure. 
K, kidney. 
LA, lateral arteries. 
LN, lateral nerves. 
I VG, left visceral ganglion. 
L VN, left visceral nerve. 
MNC, dorso-median nerve-cord. 
OC, oesophageal commissure. 
OE, cesophageal opening. 
OER, cesophageal nerve-cord. 

OS, ostia. 
PA, posterior aorta. 
PAM, posterior adductor muscle. 
PC, pedal cord. 
PCNA, pericardial nerves. 
PG, pedal ganglion. 
PLG, plural ganglion. 
PIC, pleuro-intestinal commissure. 

PLC, pleuro-visceral cord. 
PN, pallial nerve. 
PVG, pleuro-visceral ganglion. 
PS, posterior sinus. 
R, rectum. 
RCN, recurrent nerve. 
R V, renal vein. 
R VG, right visceral ganglion. 
R VN, right visceral nerve. 
SA, sternal artery. 
SL, suspensory ligaments. 
SOG, supracesophageal ganglion. 
SG, subintestinal ganglion. 
SUG, supraintestinal ganglion. 
SV, systemic ventricle. 
THG, thoracic ganglion. 
V, ventricle. 
VC, visceral commissure. 
VG, visceral ganglicn. 
VNV, visceral nerve. 

I59 



EXPLANATION TO PLATE IV. 

FIG. I. Mytilus californianus. Dorsal view. I, posterior mantle nerve; 2, bran- 
chial nerve; 3, nerve to posterior adductor muscle; 4, nerves to dorsal body wall 
and pericardium; 5, nerves to base of auricles; 6, nerves to body wall and pericar- 
dium; 7, nerves passing posteriorly in the dorsal body wall; 8, 9, io, ganglia on 
nerves 4; II, nerves from the cerebro-visceral commissure to the kidneys; I2, 
nerves from the cerebro-visceral commissures to the adductor muscles of the foot and 
the byssus. 

FIG. 2. Mya arenaria. Ventral view. I, nerve to mantle and siphon; 2, bran- 
chial nerve; 3, nerve plexus on the ventral surface of the kidney between the cere- 
bro-visceral commissures and the visceral ganglion; 4, nerves to kidney (and heart); 
5, nerves from the cerebro-visceral commissure to the reproductive glands; 6, nerves 
to kidney. 

FIG. 3. Mya arenaria. Lateral view. I, nerve to mantle and siphon; 2, nerve 
to posterior adductor muscle, dorsal body wall and pericardium; 3, branch to kid, 
ney; 4, branch to posterior aorta and hind gut. 

FIG. 4. Tapes staminea. Ventral view. I, posterior mantle nerves; 2, siphonal 
nerves; 3, nerves to posterior adductor muscle; 4, nerves to osphradium and gill; 5, 
reno-cardiac nerves. 

FIG. 5. Platydon cancellatus. Ventral view. I, nerves to siphon and mantle; 
2, nerves to osphradium and gill; 3, nerves to renal organ and heart; 4, ganglia at 
the base of the auricles. 

FIG. 6. Cryptochiton stelleri. Ventral view. I, nerves from pleuro-visceral cords 
to auricles; 2, nerves that can be followed to the point of attachment of the auricles 
to the body wall; 3, 4, connectives between the nerve cords. 

I6o 



BIOLOGICAL BULLETIN, VOL. VIII 

-CVCO 

-12 

- VG 

R 1 

PLATE IV 



EXPLANATION OF PLATE V. 

FIG. 7. Haliotis cracherodii. Dorsal view. I, 2, pleuro-visceral commissure; 3, 
4, nerves to the visceral ganglia; 5, nerves to floor of pallial cavity and efferent gill 
sinus ; 6, nerve to rectum; 7, 8, nerves to base of auricles ; 9, nerve to dorsal peri- 
cardium; 10, nerve to ventral wall of paricardium and aorta. 

FIG. 8. Lucapina crenulata. Dorsal view. 2, nerve to afferent gill sinus; 3, 4, 
5, nerves to the wall of paricardial cavity; 6, nerve to rectum ; 7, nerves to renal 
organs ; 8, nerve to mantle fissure; 9, nerve to efferent gill sinus; 10, nerve to 
osphradium and gill. 

FIG. 9. Natica lewissii. Dorsal view. I, nerve to dorsum; 2, nerve to floor of 
pallial cavity; 3, nerve to osphradium; 4, nerve to gill; 5, commissure between 
branchial and left visceral ganglia; 6, nerve to pericardium, heart and kidney; 7, 
ganglia on commissure; 8, genital nerve; 9, nerve to paricardium, heart and kidney. 

FIG. 10. Sycotypus canaliculatus. Dorsal view. I, nerve to floor of pallial 
cavity; 2, nerve to pericardium and auricle; 3, nerve to ventricular ganglion; 4, 
nerve to liver and genital organs; 5, nerve to ventricular ganglion ; 7, renal nerve; 
8, ganglion on ventriculo-aortic junction; 9, ventricular nerves; 10, pleuro-branchial 
commissure; I , nerve to hind-gut. 

I62 



BIOLOGICAL BULLETIN, VOL. VIII 

CPC-- 

PC - - 

PLATE V 



EXPLANATION OF PLATE VI. 

FIG. II. Aplysia californica. Dorsal view. I, nerve to osphradium; 2, branch to 
roof of gill chamber; 3, nerve to viscera; 4, nerve to gill; 5, nerve to dorsum of 
the anal region ; 6, nerve to liver, ventricle and reproductive glands; 7, nerve to 
pericardium, kidney and auricle; 8, branches to kidney; 9, branch to auricle; IO, 
branch to liver; II, branch to the reproductive gland ; 12, branch to aortic sinus; 

13, nerve connecting right pedal and visceral ganglia. 
FIG. I2. Pleurobranchaea californica. Dorsal view. I, nerve to osphradium and 

gill; 2, nerve to viscera ; 3, accessory visceral ganglion ; 4, genital nerve; 5, nerve 
to pericardium and auricle; 6, 8, branches to pericardium; 7, nerves in the walls of 
the auricle; 9, branch pericardium and aortic sinus; 10, branch to aortic sinus; I I, 
ganglion on aortic sinus; 12, branch to the lateral artery; 13, branch to posterior 
artery ; 14, branch to aortic sinus, probably entering the ventricle. 

FIG. 13. Bulla globosa. Dorsal view. I, ganglia on left visceral nerve; 2, 
nerve to dorsum of neck; 3, commissure between the right and the accessory visceral 

ganglia; 4, commissure between the left and the accessory visceral ganglia; 5, nerve 
to osphradium, gill and roof of gill chamber; 6, nerve to inferior pallium and dor- 
sum; 7, accessory visceral ganglion; 8, nerve to viscera; 9, ganglion on visceral 
nerve; IO, genital nerve; II, branch to aortic sinus and aorta; 12, nerve to pericar- 
dium, kidney and auricle; 13, branch to auricle; 14, branch to kidney. 

.FIG. I4. Montereina nobilis. Dorsal view. I, branch of visceral nerve passing 
ventral to the hind gut; 2, branch to ganglion on the aortic sinus; 3, branch to peri- 
cardium; 4, branch to base of auricle; 5, branch to gill; 6, ganglion on the aortic 
sinus. 

FIG. 15. Triopha carpenteri. Dorsal view. I, 2, nerves to the mantle; 4, left 
visceral nerve; 6, right visceral nerve; 7, nerve to genital ganglion; 10, branch to 
anterior aorta; II, branch to gill and auricle. 

FIG. I6. Triopha grandis. Dorsal view. I and 2, nerves to dorsum and gill; 
3, reno-cardiac nerve; 5, ganglion on the reno-cardiac nerve; 7, nerve aorta and 
ventricle; 8, auricular nerves; 9, ganglia at the base of the gill; IO, optic nerve. 
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EXPLANATION OF PLATE VII. 

FIG. 17. Limax maximus. Dorsal view. I, 2, 3, nerves to mantle and pallial 
cavity; 4, visceral ganglion; 5, genital nerve; 6, reno-cardiac nerve; 7, nerve to 
liver and intestine. 

FIG. i8. Ariolimax columbianus. Dorsal view. I, 2, 3, nerves to mantle and 
pallial cavity; 5, reno-cardiac nerve; 6, nerve to intestine and liver. 

FIG. 19. Helix (Arionta) dupetitouarsi. Dorsal view. I, 4, nerves to mantle; 
2, nerve to pallial cavity; 3, visceral nerve; 5, branch to genital organs; 6, branch 
to lung; 7, reno-cardiac nerve. 

FIG. 20. Loligo pealii. Ventral view. I, commissure between the visceral 
nerves ventral to the vena cava; 2, nerve to the viscero-pericardial envelop; 3, 
nerves to rectum and duct of the ink gland; 4, nerves to ink gland; 5, nerve to 
penis; 6, cardiac nerve; 7, auricular nerves; 8, nerves to adductor muscles on the 
gills; 9, ganglia on gill ventricles; 10, ganglia on auricles; II, nerves to vena cava. 

FIG. 21. Ommastrephes illecebrosa. Ventral view. I, nerve to vena cava; 2, 
nerve to ventricle; 3 and 4, nerves to genitalia and osphradium; 5, nerves to 
auricles; 6, nerves to the gill ventricles; 7, anastomosing branch between nerve 4 
and the ventricular nerve; 8, nerve connecting the left visceral nerve with the gastric 
ganglion; 9, commissure between the brain and the gastric ganglion. 
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EXPLANATION OF PLATE VIII. 

FIG. 22. Palinurus sp. Dorsal view, heart displaced posteriorly. I-V, nerves to 
corresponding ambulatory appendages; 3mn, nerve to third maxilliped; I, 2, nerves 
to adductor muscles and heart; 3-6, nerves ramifying in the arterial plexus on the 
adductor muscles; 7, 8, cardiac nerves. 

FIG. 23. Heart and heart-nerves of Limulus polyphemus. Dorsal view. a, 
anterior artery ; la, lateral arteries; In, lateral nerves; mnc, median nerve-cord; 
os, ostia. 

FIG. 24. Heart of Limulus. Dorsal view. Showing the connection of the ven- 
tral with the cardiac nervous system. mnnc, dorso-median nerve-cord on the heart; 
pn, pericardial nerves; 7, 8, branches from the two posterior haemal nerves from 
the brain; 9-13, branches from the haemal nerves of the abdominal ganglia. 

FIG. 25. Brain and abdominal ganglia of Limulus. Dorsal view. I-V, nerves 
to corresponding ambulatory appendages; 2-8, hoemal nerves from the brain. 'The 
nerves 7 and 8 carry the inhibitory fibers to the heart. 9-13, haemal nerves from the 
thoracic ganglia, carrying accelerator fibers to the heart. 
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